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Ahstrac  c 

Annealed  Vaacojet  lOOO  steel  (Vanadiun  Alloy  Steel  Co.^  Latrobe,  Penna.) 
rivets  were  cold  headed  from  I/8  and  l/h  inch  diameter  rivet  wire  and  then 
heat  treated.  The  heat  treatment  consisted  of  l800®F  for  30  minutes,  air 
cool,  1150‘’F  for  I-I/2  hours,  air  cool,  1150“?  for  I-I/2  hours,  air  cool. 
The  ultimate  tensile  strength  after  heat  treatment  of  the  I/8  and  l/k  inch 
diameter  wire  was  200.7  and  191>^  R-si,  respectively.  Tandem  protruding 
head  rivets  spaced  at  4  rivet  diameters,  held  to  2  rivet  diameter  minimiun 
edge  distance,  and  driven  to  head  diameters  about  I.5  times  shank  diameters 
were  driven  into  0.125  inch  thick  clad  7075-T6  alur-iinum  rl.loy  sheet  lap 
shear  joints  and  tested.  In  these  tests  the  I/8  inch  diameter  rivets 
yielded  (O.OO5  inch  offset)  at  I63Q  pounds  and  failed  at  1765  pounds  with 
an  ultimate  strength  of  I36.2  ksi,  and  the  l/k  inch  diameter  rivets  yielded 
(0.00625  inch  offset)  at  576?  pounds  and  failed  at  6275  pounds  with  an 
ultimate  8ti\>ngth  cf  ,121  Ksi.  Salt  spray  corrosion  tests  with  riveted 
Joints  indicated  that  corixision  damage  to  clad  7075-T6  sheet  is  accelerated 
by  the  presence  of  unprotected  Vaseojet  1000  steel  rivets. 

Reference;  Stier,  H.  H.,  Bergstedt,  P.  W.,  Tkmrer,  H.C., 

"Mechanical  &  Corrosion  Properties  of  Vaseojet 
1000  Rivets,”  General  Dynamic s/Convalr  Report 
KF  58-238,  San  Diego,  California,  2  February 
1959«  (Reference  attacted.) 
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QBJE.CT: 

To  detortnlne  (a)  the  strength  and  driTitig  characteristics,  and  (b)  the 
corrosive  effect  of  VASGOJET  1000*  rivets  in  7075-T6  aluminum  alloy  sheet. 


1*  The  shear  strength  of  double-tempered  VASCO JET  1000*  wire  increases 
parabolieally  with  increasing  hardness  of  the  wire  in  the  range  from 
42-51  RodMell  C  (when  tested  at  room  teiqierature  in  a  double-ehear 
fixture). 

2.  Lapped  Joints  in  bare  7075-T6  sheet  fastened  by  double-tempered 

VA8C0JET  1000  rivets  of  42-44  He  hardness  with  protruding  flat  heads 
have  these  strengths  (when  tested  at  room  teiqperature ) i 

l/8"  diaa.  rivets  1/4"  diam.  rivets 


Ultiimte  shear,  psi 


136,200 


121,000 


3»  VASCQJKT  1000  wire  double-tempered  to  42-44  Rc  hardness  has  an  ultimate 
tensile  strength  of  191,000  -  201,000  psi. 

4.  The  force  required  to  squeeze  a  .337  t  .005  in.  diameter  head  on  a  .250 
in.  diameter  YASCOJET  1000  rivet  varies  with  the  hardness. 


Rivets  of 


Rivets  of 


RlveVdrivinv  force,  pounds 


23,400 


28,400 


5.  Rivet  heads  squeezed  to  .337  i  *005  in,  diameter  on  .250  in.  diameter 
VASCOJET  1000  rivets  of  42-51  Rockwell  C  hardness  show  no  rejectable 
cracks. 

6.  Corrosion  in  clad  7075-T6  sheet  is  accelerated  by  tJ.e  bare  VASCOJET  1C 

rlve^. 


Rivets  were  cold-headed  from  VASC( 
and  then  beat-treated  aa  followei 


wire  in  the  annealed  condition 


a.  Austenitize  at  1850'’F.  in  a  neutral  atmosphere  for  30  slnutee,  air 
cool. 


VaSOOJKT  1000  ie  Vanadium-Alleys  Steel  Ceapany's  designation  for  an 
AlSI-iai  sUel. 
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TEST  SPECIMENS »  (Continued) 

b,  Tenper  at  1150®F.  in  air  for  1  1/2  hours,  air  cool, 

c.  Temper  again  at  1150°F.  in  air  for  1  l/2  hoiurs,  air  cool. 

The  1/8  in.  dianeter  rirets  were  squeezed  with  a  Chicago  Pneunatic  compress¬ 
ion  riTSter;  the  1/4  in.  diameter  riTcts  were  gunned  with  a  G-8 
pneumatic  riret  gun.  Rivet  shanks  protruded  1,12  diameters  before  driv¬ 
ing  la  the  sheet  ooobinatiens  ef  this  test. 

The  shear  specimens  were  of  the  single  lap-joint  type  with  two  tandem  rivets 
spaced  aleng  the  longitudinal  center-line  of  the  joint  as  shown  in  the  sketch 
in  Table  I.  Corrosion  specimens  had  three  driven  rivets  spaced  at  one  inch 
along  the  longitudinal  center-line  ef  ,125"  x  1  l/2"  x  10"  clad  7075-T6  sheet, 

TEST  PROCEDURE t 

The  riveted  lap-joints  were  pulled  in  a  60,000  pound  Tinius-Olsen  tensile 
machine  at  a  maxiimuD  loading  rate  of  lOOO  pounds/ain.  for  l/8  in,  diameter 
rivets  and  4000  pounds/aln.  for  1/4  in,  diameter  rivets.  An  S-1  extenso- 
aeter  was  used  to  measure  the  yield  strength  of  the  joint  as  described  in 
Report  MP  58-262,  The  yield  load  was  taken  at  a  permanent  joint  set  of 
•005  in,  for  1/8  in.  diameter  rivets  and  ,00625  in.  for  1/4  in,  diameter 
rivets. 

Tensile  speeiaens  of  15  in.  lengths  of  wire  were  inserted  into  1/8  in.  or 
1/4  in.  l.D.  java  and  pulled  at  .001  in./in./Bin.  te  deteraine  the  tensile 
ultiaate  of  the  wire.  The  l.D.  of  the  jaws  was  smooth  to  prevent  notching 
of  the  wire.  An  abrasive  coating  on  the  ends  of  the  wire  was  needed  to 
overcome  slipping  in  the  jawe. 

Shear  tests  of  tempered  wire  were  performed  in  e  double-shear  fixture. 

Before  shearing  the  wire,  the  hardness  was  taken  along  the  diameter  of  a 
polished  and  etched  cross-section  through  the  wire.  Vickers  hardnesses 
were  aeasured  with  a  dlaffond  pyramid  Indenter  in  a  Tukon  tester  with  a  10 
Kgm.  load.  The  specicen  was  broken  out  of  its  lucite  aount  before  measur¬ 
ing  the  Rockwell  C  hardness  of  the  cross-section. 

The  corrosion  specimens  were  wiped  wit.-  alcohol  and  placed  in  a  salt  spray 
cabinet  for  observation.  The  salt  spray  was  operated  in  accordance  with 
Federal  Teat  Method  Standard  151,  Method  811. 

RESULTS  &  DISCUSSION: 

The  heat  treataent  for  VA9C0JET  lOQQ  rivets  for  this  teat  was  selected 
on  the  basis  of  the  double-shear  tests  of  wire  tempered  to  different  hard¬ 
nesses.  (See  Figure  1).  A  shear  strength  of  139,000  psi.  was  achieved  by 
teaq>ering  to  about  44  8c  hardness.  Two  different  double-tempering  tx^t- 
ments  which  produced  a  44  Rc  hardness  are  given  below: 


a.  HOOT.,  2  1/2  hours,  AC  +  llOO'^F.,  2  1/2  hours,  AC 
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RESULTS  &  DISCUSSION  I  (C«nUnu*d) 

b.  1150°F.,  1  yz  hours,  AC  +  1150°?.,  1  1/2  hours,  AC. 

NOTE:  An  austenitizing  treatment  at  1850°F.  in  a  neutral  atmosphere  for 
30  ninutes,  folloved  by  air  -pooling,  put  the  oaterial  in  a  fully 
hardened  eondltiea  before  double-te^>erinf • 

The  139,000  psi  vutisatc  shear  strength  vas  selected  so  that  failure  would 
occur  in  the  riYets  before  the  bearing  strength  of  the  bare  7075-T6  sheet 
vas  exceeded 

No  sheet  bearing  failures  oce'irred  in  tests  of  lapped  joints  in  7075-T6 
sheet  incorporating  VASCO JET  1000  rirets  of  42-44  Rc  hardness.  (See  Table 

lO 

The  ultimate  tensile  strength  of  VASCQJET  1000  wire  of  42-44  Be  hBidness 
is  given  in  Table  II. 

The  load  inquired  to  squeeze  the  protruding  heads  of  the  1/4  in.  diameter 
VASGOJET  1000  rivets  to  .337  Jt  .005  in.  diameter  is  given  in  Table  III. 

Driven  heads  shoved  very  minute  surface  cracks  (not  rejectable  according 
to  MPS-46.05D). 

The  corrosion  spednen  incorporating  VASCOJEI  lOOQ  rivets  in  clad  7075-T6 
sheet  was  severely  attacked  after  250  hours  in  the  salt  spray  cabinet. 

The  cladding  vas  completely  re!eo"ed  in  areas  up  to  one  inch  in  diameter 
near  each  rivet  head.  Rivet  heads  shoved  no  corrosion.  Coatings  of  diffused 
or  plated  metals  on  the  VASCQJET  1000  rivets  may  oe  a.-^plied  for  protection 
against  corrosion.^ 

1.  "Steels  and  Protective  Treatments  for  Use  up  to  100; H. 
and  U.  H.  Sharp,  SAB  Traniactiona.  Voluae  64,  1956,  p^.  74-75. 


NOTE:  The  data  for  this  report  have  been  recorded  in  the  J'.aterials  and 
Processes  laboratory  Notebook  No.  3011. 
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TABLB  I.  RESULTS  OF  SHEAR  TESTS  OF  RIVETED  UP-JOINTS  INCORPORATING 
PROTRUDING  HEAD  RIVETS  OF  TEMPERED^®'  VASCOJET  1000^^-^ 

STEEL  IN  7075-T6  SHEET  (bar*). 

Identif.  RiTot  Ifeas'd.  Driren  Sheet  YIELD  ULT.  ULT.  TYPE 

DriTing  Hole  Head  Thk.,  LOAD,  LOAD  STRENGTH,  OF 

Method  Diam.jin.  Dl*m.,in.  In,  #/riTet  #/riTet  PSI,  (c)  FAILURE  (d) 


VJ-1  G-8  gun  .257-, 258  .347-.362  .250  5637 
VJ-2  "  .257  .356-.369  “  5660 
VJ-3  "  .257-.258  .353-.359  ”  6013 

ATg.  5767 


19:; 


134,000 

142,000 


£>^/Ve/»  Ntad 


(a)  Ri'fOts  •■njre  So  Rcc*rvoll  harJnasa  of  45  -  44  Rq  ''efore  driving 

(1S50°  P.,  30  ain.,  AC  ♦  1150®  F.,  1  1/2  hr.,  AC  ♦  1150«  P.,  1  1/2  hr.,  AC) 

(b)  Vanadiua-Alloya  Steal  Cocpany’s  designation  for  an  AISI-Kll  steel . 

(o)  Based  on  aeasured  hole  dlaxeter. 


(d)  3*0  FAILURE  NOTES  bolotri 

1.  Mfg.  heads  snapped  off. 

2,  Rivets  sheared  in  the  shank  along  sheet  interface. 
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TABia  II.  RESULTS  OF  TENSILE  TESTS  OF  TEMPERED(a)  VASCO JST  1000  (b) 
RIVET  TIRE 


Wlra  Diam.,  Araa.  Langth,  ULT.  LOAD,  ULT.  TENSILE  STRENGTH, 
inch  in»^  inch  poimds _ PSI. _ 


1258 

•012425 

16 

2520 

202,898 

• 

ti 

ti 

2470 

198,872 

« 

n 

2490 

200.483 

Arg. 

2505 

•04926 

IS 

9570 

190,215 

.2505 

•04913 

ft 

9570 

194,591 

n 

n 

« 

9320 

189.507 

Avg.  9420 

(a)  Wiara  temparod  to  a  RookwaXl  hardness  of  42  -  44  Rn  (1850°  P«,S0  ain.^AC  ♦ 
1150°  F,,  1  1/2  hr.,  AC  ♦  1150°  F.,  1  l/2  hr.,  AC). 

(b)  Vanadiura-Allos  Steel  Coapany’s  d<-i3ignation  for  an  AISI-Hll  steel. 
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TABLE  III.  R3SULTS  OP  RIVET-DRIVING  TESTS  OF  TEMPERED  (c)  VASCOJBT  1000  (a) 
RIVETS  IN  7075-T6  SHEET  (bare) 


Riret 

Diam.. 

in. 

Hole 

Diaa., 

in. 

Driren 

Head 

Diam., 

In. 

Sheet 

Thk., 

in. 

Riwet 

Sot 

Riret 

Hardness 

Ro 

LOAD  REQUIRED 
,  TO  SQUEEZE  RIVET, 
pounds 

Reoarka 

.2S0 

.257 

.3353 

.125 

Flat 

42-43 

20,400 

(b) 

n 

.3392 

n 

tl 

tl 

21,600 

n 

tl 

tt 

.3408 

It 

tl 

tl 

21.800 

n 

Avg. 

2r,Soo 

.250 

.257 

.3849 

.125 

Plat 

43-44 

23,600 

(b) 

tl 

n 

.3409 

tt 

tt 

H 

21,600 

m 

ft 

m 

.3415 

m 

m 

n 

25.000 

tl 

Avg. 

23,400 

.250 

.257 

,3327 

.125 

Flat 

44-45 

22,300 

(b) 

ft 

11 

•3353 

tl 

II 

H 

22,800 

m 

tl 

m 

.3366 

» 

*  « 

N 

23,200 

m 

ATg. 

22,800 

.250 

.257 

.3350 

.125 

Flat 

50-51 

28,300 

(b) 

• 

• 

.3363 

n 

II 

m 

27,800 

• 

tl 

m 

•5416 

II 

II 

9 

29,150 

w 

ATg,  28,4b6 


(a)  VaoadlinHLlloya  Steel  Cooipany's  deeignatlon  for  an  AlSI-Hll  steal. 

(b)  DrlTen  heads  showed  Tory  oinuta  surface  oracke  about  .010*  long  and  a  few 
ails  deep. 

(o)  Teapered  to  the  hardnesses  indicated  in  column  6  before  driring. 


